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If, after this, all external strain be removed from th will assume a position of equilibrium, in which the outer particles will be strained in the direction opposite to that in. wMdi-ikxeaa twisted and the inner ones in the same direction as that of. the twisting, the two sets of opposite couples thus produced..amon.g the particles of the bar, balancing one another. It is ,eas.y.JiQ show that the line of separation between the particles skainigd in the one direction, and those in the other, is a circle wb,-iSe radius is f of the radius of the bar. The particles in th'SCline are evidently subject to no strain* when no external coirpie is applied. The bar with its new molecular arrangement may now be subjected, as often as we please^ to tte couple $L, without,
annular elements j the radius of any one of these being denoted by x, and its
Now, when only the particles at the circumference are strained to the utmost ; and whenjiherefore, the forces on equal areas of the various elements ate proportional to the distances of the elements from the centre, we have y (x]r) for the force oi,.a. unit of area at the distance x from the centre. Hence the total tangential forcejof the element is .
jiridjjhejjquple due to.the same elementis
=x . 2irxdx . ?; (x/r) =
and therefore the total couple, which has been denoted above by £,Js,.
1
that is,                                          L^-n-tjr3 .......................................... («)•
Next, when the bar has been twisted so much that all the particles in its section afford their utmost resistance, we have the total tangential force of the element =2irxdx . TI, and the couple due to the same element
= x . 2irx dx . t) = 2m) . ofidx. Hence the total couple due to the entire section is
= 2m? / ^x^dx ./O
But this quantity is | of the value of L in formula (a). That is, the couple which the bar resists in this case is f £, or | of that which it resisted in the former case.
* .Qr at lejasj they are subject_to_no strain of. *o^rs^n^altJl£ILi!l.ibs^nne .direction -fiy-JS^fiLO&er; though they may perhaps be subject to a^jtrain^.ej)rrrpj^ssj.on_or eact^?5-W.^£.«fcrecl;^^                                                             does not fall to
be considered in the present investigation. '"~"
t This statement, if not strictly, is at least extremely nearly true : since from the experiments made by Mr Fairbairn and Mr Hodgkinson on cast iron (see various Reports of the British Association), we may conclude that the metals are influenced only in an extremely slight degree by time. Were the bars composed of Borne substance, such as sealing wax, or hard pitch, possessing a sensible amount of viscidity, the statement in the text would not hold good.